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Abstract 
A tool for case studies of carbon capture and storage (CCS) value chains has been developed in the FP7 ECCO 
project.  The tool analyzes chains of arbitrary complexity consisting of a range of different chain units involved in 
CO2 production, transport, and storage.  The chain can evolve over time, and the tool models physical and financial 
interactions between chain units and actors involved. Costs and revenues are scaled according to macro-economic 
predictions. In addition, government take is included through a general tax model.  The tool provides a range of time 
dependent data and key performance indicators regarding the financial and environmental performance at chain unit, 
actor / ownership, and case level. 
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1. Introduction 
European value chain for CO2 (ECCO) is a collaborative research project that started in 2008 under 
EU’s Seventh Framework Programme (FP7) [1]. The main objective of ECCO is to facilitate robust 
strategic decision-making regarding early and future deployment of CO2 value chains.  
The ECCO project strategy is based on the critical evaluation of several case studies that will enlighten 
various aspects of carbon capture and storage (CCS) and point out the most promising CO2 chain 
alternatives. The evaluation will and has been based on techno-economical analysis using a software tool 
that has been developed within the project.  After project completion, this tool, which is called the ECCO 
Tool, will be available for the project partners for research and CCS feasibility studies.  
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Within the ECCO project, the tool is being used to analyze both simple and more complex CCS 
chains. An important part of this work has been to identify and quantify different macro-economic 
scenarios. These results have been incorporated into the tool such that user with ease can see the effects of 
a change in the macro-economic prospects.  
The main output from the ECCO Tool is various key performance indicators (KPIs). The KPIs of the 
tool include for instance undiscounted and discounted cash flows, exposure, net present value, emitted 
CO2  and associated quota / ETS costs, avoided CO2 and ETS charges, energy consumption, and direct 
employment during the analysis period. 
For both commercial and governmental users, the performance of the whole value chain as well as that 
of the individual chain components and each of the actors could be of interest. Hence, KPIs are provided 
at all these levels. In addition to the aggregated cash flows from the chain units, the KPIs at actor and case 
level will be affected by for instance taxation. 
The calculations of the KPIs for each chain component will be performed by techno-economic 
modules that are specific to each chain component type.  By using such a modularized design, new types 
of chain components (e.g. a new type of power plant) can be added to the tool at a later time should the 
need arise.   
The first version of the tool [2], which is called the ECCO Tool, was completed during the fall of 
2010.  The tool has since been evaluated through multiple case studies in the ECCO project.  Some of 
these case studies included up to 50 different chain units, and hence a real feasibility test of the ECCO 
Tool for the study of complex CCS chains has been performed. Based on the experience gained in these 
studies, errors and bugs have been fixed. Based on feedback from the users, a range of features have been 
added in the final version of the tool: 
x The ability for all parts of the tool to escalate costs according to macro-economics scenarios 
x The ability to introduce regional dependencies in the macro-economics 
x The ability for the user to control the macro economics and adding new macro-economic time series 
x A new tax module supporting petroleum and EOR taxation and royalties, straight line and declining 
balance depreciation, loss carry forward, and loss carry back 
x The introduction of reference case such that the value of introducing CCS can be clearly seen 
x New chain units 
x An extended output with a range of new KPIs and data series, as well as a diagram showing the logical 
connections of the CCS network 
 
The final version has now been completed and is described in this article, 
2. CCS value chains and tool scope 
The physical infrastructure of the most basic CCS value chain consists of one source producing CO2 
co-located with a single sink where the produced CO2 can be stored.  In general, however, the source will 
not be co-located with the sink, and some sort of transport will be needed.  Further, there may be multiple 
sinks or sources connected by a transportation network. An example of a CO2 value chain is shown in 
Fig. 1. Each separable unit of the value chain, like a source, transport link, or a storage site, is called a 
chain unit. The value chain may evolve in time by adding or removing chain units, or by modifying their 
properties. The chain units are connected through CO2 flows, services, and payments. The example 
shown in Fig. 1 is very simple compared to the current networked infrastructure for natural gas in the 
North and Norwegian Sea, or the infrastructure required to support large scaled enhanced oil recovery 
(EOR) by CO2 injection in the same region. 
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The ECCO Tool supports simple as well as complicated value chains that could consist of multiple 
assets of each type that can evolve with time.  The tool will predict the economic performance and impact 
of the whole value chain, individual chain units, and actors that could control any number of chain units 
of the network. Hence, the tool models the contractual rights and obligations between the actors.  
Furthermore, the tool models the effect of macro-economics on a global and regional scale. 
 
Fig. 1 Example of a CCS value chain 
The performance of the system, chain units, and actors is quantified in terms of key performance 
indicators (KPI) that are mostly of financial nature but also include parameters like CO2 emissions.  The 
KPIs will be further discussed in Section 6. 
 
3. Previous CCS Value Chain Tools 
As a preparation for the ECCO Tool a range of pre-existing tools were investigated. 
The objective of the CASTOR project [3] was to study the final amount of CO2 emitted to the 
atmosphere taking into account the captured CO2 from new power plants equipped with capture 
technologies and the avoided CO2. The CASTOR Economic Analysis Tool was developed to compare 
different CO2 reduction strategies on an economic basis. It is a computation program in Excel. Output 
from the simulation includes generated emissions, electric power demand and related cost plots. 
EXPAND is an Excel based economical model that calculates NPV and cash flow from sources, 
pipelines and sinks in a CO2 value chain [4, 5]. The model uses a modular set up consisting of source, 
capture, transportation and storage modules. Each module has one worksheet each where all calculations 
concerning the module is done. The tool analyses the incremental effect of CO2 capture. It will therefore 
provide the background for decisions regarding the integration or not of a capture process but it should 
not be used to evaluate new developments like the construction of a power plant. 
The NTNU infrastructure model [6] is a mathematical optimization model that describes the 
investment in a CO2 value chain. Given a set of CO2 sources and CO2 drains for plain storage or for EOR, 
this model seeks to optimize the net present value (NPV) by deciding timing and place for construction of 
pipelines, application of CO2 for EOR, and deposition of CO2 in aquifers. It does not consider the 
profitability of a predetermined CO2 value chain, but tries to find the optimal decision regarding treatment 
of captured CO2 in the case where it cannot be vented. The model is implemented and solved in Xpress-
MP and reads the data from an Excel worksheet.  
Pipeline2
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Pipeline1 EORField
SteelMillw/
Capture Pipe3
AquiferPowerPlant
w/Capture
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The objective of the IEA GHG tool [7] was to provide initial assessment of the cost and performance 
of CO2 and energy transmission systems. The model exceeds CCS related activities as it covers pipeline 
transmission of CO2, natural gas, hydrogen, methanol, distillate oil, and transmission of electricity.  The 
tool calculates the cost and the performance of onshore and offshore pipelines and assesses the sensitivity 
to a wide range of factors (e.g. flow rate, pipe diameter, pressure, terrain and location). The user interface 
allows specifying “assets” which may include pipelines, energy conversion plants and wells for CO2 
underground storage. The costs and performance of individual assets and overall costs, energy 
consumption, and greenhouse gas balances are calculated. 
The aim of the EU Geocapacity project was to create an inventory of CO2 emission sources and CO2 
storage capacity in Europe and to build a CCS feasibility analysis tool [8]. The project was a follow-up of 
the GESTCO project, which performed a similar task for six north-west European countries. The latter 
project also produced a software tool for the analysis of the economic feasibility of carbon capture and 
storage (CCS) projects. This chain was defined by capture and compression at a single source, storage at a 
single storage location, plus a connecting pipeline. The EU Geocapacity project was also tasked to extend 
the GESTCO project in this aspect, by developing a more advanced CCS analysis tool. The tool that was 
developed is capable of handling more realistic scenarios, with multiple sources and multiple storage 
locations. In addition, the tool can show the uncertainties associated with CCS feasibility analyses 
through a Monte Carlo approach. 
In conclusion, the Castor and Expand tools have some similarities with the ECCO Tool. However, 
none of these tool models actors, contractual relationships, taxes or detailed macro-economics.  In 
addition, the techno-economic modules implemented for the ECCO Tool are more advanced. 
4. ECCO Tool structure, elements, and case 
4.1. Case definition 
A CCS case that can be analyzed by the ECCO tool consists of a CCS infrastructure that may evolve 
with time, set in a macro-economic environment, and where the different elements of the infrastructure 
interact with each other. 
The most basic CCS chain consists simply of a CO2 source co-located with a storage facility.  
Generally, however, the source and storage will be separated geographically from each other and 
transportation is required to complete the chain. The tool supports value chains of arbitrary degree of 
complexity with multiple sources and storage sites connected through a transport network.  The physical 
entities of the ECCO Tool value chain infrastructure, e.g. sources, storage facilities, pipelines, and 
shipping lines, are called chain units.  The value chain structure, as well as the properties of the chain 
units populating it, can evolve with time.   
The chain units interact with each other through CO2 flows, transport services, and payments.  These 
relations are specified through contracts. In addition, the user can specify actors which control chain 
units. Ownership in the ECCO Tool is a one-to-many relationship, where actors can control multiple 
chain units, but a chain unit is only owned by a single actor at a given time.  However, an actor can sell a 
chain unit to another actor. 
The user can specify the macro-economic environment in which the chain units and actors are 
operating. This environment includes properties like prices, indices, and interest rates, which can be 
dependent on time and the region where each actor or chain unit is placed.  Some predefined time series 
which originate from a quantification of various CCS scenarios in the ECCO project are available.   
In order to setup a case, the user must: 
x Define a macro-economic scenario 
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x Set-up the value chain network where different types of chain units are connected together 
x Define ownership of chain units 
x Populate required properties of the chain units and actors 
x Set-up contracts between chain units that regulate payments and flows between them 
4.2. Structure and elements 
The ECCO Tool has modularized structure, such that new types of techno-economic and macro-
economic modules can be added if need should arise.  This has allowed different partners in the project to 
exploit their core expertise to create specialized modules. 
The architecture of the tool is illustrated in Fig. 2 and comprises: 
x The core, which consists of the common structures for the system and a set of dedicated interfaces that 
specific modules can connect to. The core also includes CO2 chain definition and general input/output 
functionality.  
x Techno-economic modules. These modules are used to model CO2 chain units.  The three main types in 
the tool are source, transport, and storage modules. The calculations relating to the different operations 
of the CO2 streams take place here, like generation, capture, and transportation of CO2, as well as 
calculations of the economics of each chain unit. 
x A Macro-Economic module for global and regional parameters like prices, indices and interest rates.  
This module enables escalation of cash-flows of the tool according to regional differences and global 
macro-economic scenarios.   
 
Fig. 2 Modular design of ECCO Tool 
There are multiple flavors of each techno-economic module type, and the tool enables a user to select 
an arbitrary number of instances of each implementation when running a case. As discussed above we call 
such an instance a chain unit of the case. Hence, similar functionality will be repeated in both different 
modules and different chain units. In such a situation the employment of an object-oriented programming 
language is very useful as it allows the programmer to define in only one place the functionality that is 
shared by several sub-modules. It was chosen to program the ECCO Tool in C#, which in addition to 
being object-oriented allows for easy integration with Microsoft Office. This integration was 
implemented through  COM Add-Ins for Excel 2003 and Excel 2007. 
Core
Source Transport Storage
Macro-Economic Module
Techno-Economic
Modules
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4.3. Setting up a case 
Fig. 3 Excel user interface of the ECCO Tool 
Each of the modules described are specified by the user through Microsoft Excel workbooks.  As 
illustrated in Fig. 3, there is a single case workbook and a single prices and indices workbook, but 
typically multiple chain unit and contracts workbooks: 
x Case workbook:  In this workbook, the structure and basic definitions of the case are specified, 
including: 
ż The analysis period and reporting time grid for which output should be produced. 
ż The selection of a macro-economic scenario and a reference to the prices and indices workbook 
ż The references to all chain unit and contract workbooks 
ż The ownership and actor specifications 
ż The network specifications,  including chain unit locations and their logical connections with each 
other 
x Prices and indices workbook:  This workbook serves as the user interface to the macro-economic 
module and contains a quantification of the different macro-economic scenarios. Default values are 
provided, but the user may alter these, introduce regional differences, or introduce new time series to 
be used by other modules of the tool. 
x Chain unit workbooks: The chain units are specified in these workbooks.  One workbook is required 
for each chain unit of the case.  There is one workbook type for each techno-economic module.  It 
should be noted, however, that the user in principle can specify an unlimited number of chain units of a 
given type in the same case, using separate chain unit workbooks.  
x Contract workbooks: This is where the physical CO2 flows and payments between the chain units are 
specified. One workbook is required for each CO2 source / recipient pair.  In addition to defining flow 
properties and payments of that relationship, the user also specifies how the price, method, and route 
Case Workbook
Chain Unit Workbooks Contracts WorkbooksPrices and Indices
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of any required CO2 transportation. This transport could involve multiple transport chain units.  Each 
chain unit can be a party in multiple contracts. 
 
Currently eight techno-economic modules have been developed by the different partners in the ECCO 
project. Some of them can be used for multiple types of chain units, so a wide range is available for the 
user, including multiple types of power plants and industrial sources, pipelines and shipping units for CO2 
transportation, and storage units using depleted gas fields, aquifers, and oil fields with enhance oil 
recovery (EOR) through CO2 injection.  During the ECCO project, cases with close to 50 different chain 
units have been evaluated. 
5. Evaluation of cases 
5.1. Aggregation of cash flows and other parameters 
The ECCO tool provides a lot of output, most of it in the form of time series of cash flows and other 
characteristic data. These will be called reporting series in the remainder of this section.  For each entry in 
these series, the value is an integrated over the reporting period. These reporting series form the basis for 
a range of key performance indicators (KPIs).  With reference to Fig. 4, the output is given primarily at 
three levels: 
 
Fig. 4: Aggregation of cash flows and other properties in the ECCO Tool 
x Chain unit level:  This is where almost all of the reporting series data of the tool originates.  The only 
exceptions are taxes and chain unit purchase payments which are calculated at actor level.   
x Actor level:  Actors aggregate the reporting series data from the chain units they control.  Based on the 
characteristics of these data, possible payments to and / or from other actors, and their tax parameters, 
actors calculate taxes and net cash flow after tax. 
x Case level:  This is where the whole case is summarized.  The output is based on a sum of discounted 
and undiscounted reporting series data from the actors. 
 
The chain unit may have multiple owners during a period of a change of ownership takes place. Then 
the reporting series data is split between the actors depending on the duration of their respective 
ownerships on a pro rata basis, as illustrated in Fig. 4.  Note that chain units only have a single owner at 
any given time. 
The cash flow streams of the chain units, actors, and case are split in four main categories: 
x Revenue 
Chain Unit 1
Actor 1
Case 
Summary
Chain Unit 2
Actor 2
Chain Unit 3
100 %30%70%100 %
100 M€
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x Opex (operational costs) 
x Capex (capital costs) 
x Taxes: Not relevant at chain unit level 
 
The calculation of the different cash flows of the chain units is dependent on the characteristics of that 
particular chain unit, the user specifications, and contracts with other chain units.  Furthermore, all costs 
and revenues, including those from contracts, can be escalated according to the macro-economic scenario. 
Revenues, opex, and capex cash flows are aggregated from chain units up to actors and further to case 
level.   
5.2. Reference cash flow and added value of the CCS operation 
In addition to the cash flows of the CCS case, cash flows for a reference case without CCS is provided, 
as well as the cash flow difference between the CCS case and the reference case.  Hence, the added value 
of CCS can be clearly identified from the output.  
5.3. KPIs and discounting 
Except net cash flow, most of the data in the reporting series are only provided as undiscounted values, 
i.e. as money / value of the day.  However, most of the associated KPIs are calculated using discounted 
data. A proper discounting model is thus an important feature of the tool. The discount rate is defined at 
actor level, whereas the reference year is set case-wide.  Discounted data at case level is an aggregation of 
the discounted data at actor level. Important results from the discounting model include: 
x NPV:  Net present value.  This is simply the sum of the discounted values throughout the period under 
analysis. 
x IRR:  This is the internal rate of return. This output is only provided for the net cash flows, and is 
equal to the fictitious discount rate necessary to get an NPV of zero.  This is not always possible, in 
which case IRR in most cases would be plus or minus infinity.  
x NPV ratios:  It is often found quite useful to evaluate a project based on ratios between NPV values, 
for instance the ratio between a cost and a related physical quantity [9].  In the output, the 
corresponding undiscounted reporting series are always given below these ratio KPIs.  
5.4. Depreciation, taxes, and royalties 
An objective of the tool has been to check what role the government regulation can play in order to 
enable large scale CCS. Hence the inclusion of a tax model that is simple enough to use, but still general 
enough to be of relevance for most tax regimes in question has been important. Taxes are calculated at 
actor level in the analysis. The user can set the following tax parameters per actor: 
x Depreciation method: Straight line or declining balance 
x Depreciation years or rate 
x Loss carry forward (LCF) years 
x Loss carry back (LCB) years 
x Ordinary corporate tax rate 
x Ordinary and EOR petroleum tax rates 
x Ordinary and EOR petroleum royalty rates 
x Deductibility of the various forms of petroleum tax and royalties 
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6. Tool output 
The output workbook is automatically opened and filled after a case with all its associated workbooks 
has been successfully opened, read and evaluated. The output workbook contains a worksheet with 
relevant output data for each actor, chain unit, and contract of the case.  In addition, there is a sheet with 
the aggregated values for the whole case, as well as a sheet showing the logical configuration of the value 
chain network, as illustrated in Fig. 5. 
 
Fig. 5: Two of the ECCO Tool output sheets.  Top: Case summary output sheet. Bottom: Network diagram output sheet.  
In the front page of the workbook, the user is warned against any inconsistencies in the setup.  For the 
case summary some examples of output data and KPIs include: 
x General case cash flows and economics: Time series with revenues, opex, capex, and tax for the CCS 
and reference case.  Net cash flows, discounted and undiscounted, cumulative net cash flow, IRR and 
NPV for the CCS and reference case as well as for the difference between them. 
x Employment figures: Temporary and permanent direct employment 
x CO2: Time series of released, captured, transported, stored, and avoided CO2 with associated costs.  
KPIs are provided as fractions between NPV of costs and NPV of CO2 mass.  
x Electricity: Electricity production and production costs with and without capture and associated KPIs. 
x Petroleum production: Production of oil and gas with and without EOR and associated costs and KPIs 
x Energy Consumption: Energy consumption split by energy source and the energy consumption of the 
reference case. 
Output:Network
Legend
Source Transport Storage
Connection
Point
Connection
(In/Out)
PowerPlant Storage
CoalPowerPlant Pipeline1 DGFBarendrecht
IRR: Infinity NPV: (3089914) M€ IRR: Infinity NPV: (1543637) M€ IRR: Infinity NPV: (1546277) M€
StartDate Revenues Capex Opex Net Equiv. Revenues Capex Opex Net Disc.Rate Equiv.
Taxes CF DCF Disc.Rate CF DCF Taxes CF DCF CF DCF CF DCF Disc.Rate CF DCF
(dd.mm.yyyy) (M€) (M€) (M€) (M€) (M€) (M€) (%) (M€) (M€) (M€) (M€) (M€) (M€) (M€) (M€) (%) (M€) (M€) (M€) (M€) (%) (M€) (M€)
Sum/Average 17695 (1183) (5892111) 0 (5875599) (3089914) 6.0% 12711 (0) (4714292) 0 (4701580) (1543637) 12.0% (1174019) (1546277) Ͳ2.1%
01.01.2012 0 (132) (1) 0 (133) (158) 6.0% (133) (158) 0 (0) 0 0 (0) (0) 6.0% (0) (0) (133) (158) 6.0% (133) (158)
01.04.2012 0 (132) (1) 0 (133) (156) 6.0% (266) (314) 0 (0) 0 0 (0) (0) 6.0% (0) (0) (133) (156) 6.0% (266) (314)
01.07.2012 0 (134) (1) 0 (134) (155) 6.0% (400) (470) 0 (0) 0 0 (0) (0) 6.0% (0) (0) (134) (155) 6.0% (400) (470)
01.10.2012 0 (134) (1) 0 (134) (153) 6.0% (534) (623) 0 (0) 0 0 (0) (0) 6.0% (0) (0) (134) (153) 6.0% (534) (623)
01.01.2013 0 (131) (1) 0 (131) (148) 6.0% (666) (770) 0 (0) 0 0 (0) (0) 6.0% (0) (0) (131) (148) 6.0% (666) (770)
01.04.2013 0 (132) (1) 0 (133) (147) 6.0% (798) (917) 0 (0) 0 0 (0) (0) 6.0% (0) (0) (133) (147) 6.0% (798) (917)
01.07.2013 0 (134) (1) 0 (134) (147) 6.0% (933) (1064) 0 (0) 0 0 (0) (0) 6.0% (0) (0) (134) (147) 6.0% (933) (1064)
01.10.2013 0 (134) (1) 0 (134) (144) 6.0% (1067) (1208) 0 (0) 0 0 (0) (0) Ͳ14.9% (0) (0) (134) (144) 194.0% (1067) (1208)
01.01.2014 102 0 (34181) 0 (34079) (36123) 6.0% (35146) (37332) 102 0 (27352) 0 (27250) (30526) 12.0% (27250) (30526) (6829) (5597) Ͳ20.6% (7896) (6806)
01.04.2014 104 0 (35177) 0 (35073) (36647) 6.0% (70219) (73979) 104 0 (28149) 0 (28045) (30550) 12.0% (55295) (61076) (7028) (6098) Ͳ18.8% (14924) (12903)
01.07.2014 105 0 (36193) 0 (36088) (37164) 6.0% (106307) (111143) 105 0 (28962) 0 (28857) (30556) 12.0% (84152) (91632) (7231) (6607) Ͳ17.1% (22155) (19511)
Scenario:''HappyPlanet''
Output:SummaryͲSimplestcase
PresentQuarterandYear:1/2015
AddedNCFRelativetoReferenceReferenceCaseCashFlowsCaseCashFlows
UndiscountedUndiscounted
NetNetAccumulatedSumActor'sNet NetAccumulatedSumActor'sNetNetAccumulated
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For the chain units and actors mostly the same type of data is provided where relevant. For chain units, 
the flows going in and / or out of the chain units and the remaining capacity they might have is provided. 
In addition, a chain unit output workbook may give further information about inconsistencies. 
7. Conclusions 
The ECCO Tool has been developed for the analysis of CCS value chain case studies. The tool 
calculates and provides key performance indicators both at installation / unit, ownership, and case wide 
level. The tool can be used to analyze simple as well as complex and time evolving chains with a user 
defined ownership structure. Costs and revenues can be scaled through user defined macro-economic time 
series. Pre-populated series that come from a quantification of multiple macro-economic scenarios 
realized during the ECCO project are included in the tool. The government role is modeled both indirectly 
through the macro-economics as well as directly through a general tax model. In this article, the final 
version of the ECCO Tool has been presented, including its structure, philosophy, use, and output. 
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